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Both books draw wonderfully from all levels of evolu- traced to changes in a relatively small number of genes.
tion—from considering the developmental differences While all these other considerations are valid, they do
between closely related species to macroevolutionary not detract from the clear elegance of the arguments.
questions of the origins of phyla. It is in the “deep time” These books, to me, seem best suited for slightly
questions of macroevolution that both books really allow different audiences. The work by Carroll, Grenier, and
the authors to expound on their own philosophies and Weatherbee is an outstanding book for an advanced
viewpoints of how development has evolved. Interpreta- undergraduate course or an introductory graduate stu-
tion of these sorts of macroevolutionary data, such as dent course in evolution and development, while David-
the conserved patterns and apparent functions of Distal- son’s book is an excellent one for students who already
less in all animal limbs and Pax6 in all animal eyes, are have a good background in development and genetics.
still controversial. While both groups began historically For the scientist who is interested in learning more about
with somewhat opposing ideas on this issue, these more the evo/devo field, both books make for excellent read-
recent efforts reveal a certain convergence of interpre- ing. For those pursuing evo/devo questions, both are
tation. essential references. The end of Roux’s quote suggests
There are a few minor issues that I do have with both that our understanding of the relationship of evolution
books. For example, while I understand that both are and development will still be relatively hypothetical. As
focused on animal evolution, it would really have been with many evolutionary studies, really knowing the pre-
useful to bring in some of the data from plant studies, cise events that occurred millions of years ago will prob-
particularly since it appears that plants represent an ably be beyond our reach, but we now have a number
independent “experiment” in the evolution of multicellu- of sound and testable hypotheses.
larity and a complex body plan. Also, in its attempt to
be concise and easily read, From DNA to Diversity does Nipam H. Patel
contain a couple of errors. For example, in their discus- Howard Hughes Medical Institute
sion of the experiments of Stern (Nature 396, 463–466, Department of Organismal Biology
1998), the authors describe and illustrate schematically and Anatomy
(pp. 141–143) functionally important spatial differences 5841 South Maryland Avenue, MC 1028
in the expression levels of Ubx between the second University of Chicago
thoracic legs of D. melanogaster and D. simulans. How- Chicago, Illinois 60637
ever, Stern indicated that these differences were not
directly visible by immunolocalization of the Ubx protein,
but instead were inferred from genetic experiments. In The Whole Organism, and nothing
a similar vein, in describing the ancestry of arthropod but the Organismsegmentation, the expression of even-skipped, runt, and
hairy are described as being in stripes in alternate seg-
ments in a spider (pp. 125–126). The authors of this
Dictyostelium: Evolution, Cell Biologyspider work (Damen et al., Proc. Natl. Acad. Sci. USA
and the Development of Multicellularity97, 4515–4519, 2000) assume that the pattern is pair-
By Richard H. Kessinrule, but admit to having no direct evidence for this
Cambridge: Cambridge University Press (2001).assumption. In both books, there may also be a trend
294 pp. $90.00to over-generalize based on limited data. For example,
the primacy of regulatory evolution makes logical sense,
but the apparent bias of evidence supporting it may be
I never really liked the term “model organism.” It canpartially an artifact of what we can easily observe in
make a few randomly selected organisms sound nicethe sorts of experiments that are being done. All in all,
and simple, allowing us to study our favorite biologicalhowever, such issues are minor and maybe inevitable
problems in isolation, without having to worry about allin books of this scope.
the other details of life in the wild. Even worse, “modelThese two works join a relatively short list of books
organism” seems to carry a misleading implication, thatthat have a major influence on how we view the evolution
the models in question are ideal examples of some as-of development. The past efforts of Raff and Kaufman
pect of biology. Thus, if you can perfectly understand(Embryos, Genes, and Evolution) and Raff (The Shape
a process in an ideal organism, there’s no further needof Life) set a very high standard early on, and these new
to look elsewhere. Both implications are, of course,books are worthy additions. Certainly some will not be
completely untrue—every organism is different, with dif-happy with these books, as they will see them too cen-
ferent responses which have evolved to address thetered on a “gene” approach to developmental evolution.
problems of a specific ecological niche. Biology at itsThere are no long discussions of topics such as heter-
best discovers general principles, but you can neverochrony, for example. Others may be critical of the no-
discover a general principle by only studying one exam-tion that evolution can really be understood at the level
ple. The term “model system” is even worse—it soundsof changes in a few genes, as opposed to the accumula-
like a straightforward collection of gears and pulleys,tion of changes of small effect in a multitude of genes.
easy to understand by just following who pushes what,Indeed, to develop a perfect copy of a butterfly wing on
and certainly not a hideously complicated thing like aa fly would probably require swapping many, if not al-
plant or animal. Since model systems don’t need to bemost all, the fly genes with their butterfly counterparts.
organisms, they can dispense with all the worries ofHowever, we can envision that the switch in how hind-
wings and forewings differ in the two groups can be organismhood (finding something to eat, not being eaten
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by anyone else, mating, etc., etc.) and just exemplify The chapters that follow focus on cellular architecture,
first membranes and organelles, then the cytoskeleton.some important biological principle. Inexperienced biol-
ogists often like this type of idea—it makes the world In keeping with the style of describing the whole organ-
ism, these are of similar length, even though the num-seem simpler, and a bit less terrifying to study—but it’s
dangerous to think things are simple when they are bers of papers are rather disparate. Dictyostelium is
currently a very fashionable target for cytoskeletal re-nothing of the sort. Organisms, be they big or small, are
highly evolved, extremely complex, and liable to clobber search, in particular anything to do with actin or myosins,
but membrane traffic and related work are currently sur-the unwary with the Harvard law of biology: however
tightly you control every detail of an experiment, the prisingly unpopular. Kessin then walks the reader step
by step through the developmental cycle, from individ-animal will in the end roll over and do what the heck it
wants. ual amoebas, through starvation, the initial stages of
cell-cell signalling that allow single cells to aggregateOf course, certain organisms will always be especially
well studied. You can only work on a few things at a into a multicellular organism via cell-type differentiation,
into the formation of a mature fruiting body. Finally, atime. Progress inevitably comes faster when lots of peo-
ple study the same species, develop specialized tech- short “resources” chapter at the end describes further
reading, websites, and databases to assist the readerniques, and all talk together and compare notes. My
beef is not with this, but with the idea that there’s any- who wants to delve further. The quality of accuracy
and proofreading is exemplary, and the illustrations arething special about the experimentally favored organ-
isms, other than the fact that they’re popular and there- informative and generally clearly presented. Vitally, the
level of detail is fairly constant, so anyone with reason-fore experimentally accessible.
All this serves to introduce “Dictyostelium,” an excel- able biological literacy should be able to read the book
from start to finish without becoming enmeshed in termi-lent monograph by Professor Richard Kessin which
summarizes, as completely as possible, the biology of a nology or minutiae. Equally, however, there’s plenty here
to tease the experts—in reading “Dictyostelium” for thisvery popular experimental organism. Many researchers
describe Dictyostelium as a model organism, because review, I noticed numerous questions I would love to
study right now, if only my Fairy Godmother would comeit has been widely used for studies on development,
cell-cell signaling, cell movement, phagocytosis, and up with a couple of dozen extra well-funded and capable
postdocs. Here are a couple of random examples: First,related processes. Kessin, tellingly, does not; this book
seeks to describe the whole organism, in its evolutionary I am intrigued by how cells sense osmolarity. Kessin
describes signals caused by two different conditions,and ecological context. By virtue of this Dictyostelium’s-
eye view of Dictyostelium, it ought to be valuable to any hypoosmotic shock in growing cells (which would hap-
pen, for example, when rain hit a cell in soil) and hyperos-cell, developmental, and molecular biologists who have
worked on the cells without thinking about where the motic conditions in spores (a signal for spores to remain
dormant). The molecular trigger for each pathway isspecies came from. Dictyostelium discoideum are social
amoebas, which is to say they live happily as single alluringly absent. Second, sexual recombination is obvi-
ously present, and could be a useful tool. However, wephagocytes, but under appropriate environmental cues
start signaling to one another and form a multicellular are missing one or two key details, in particular the
signal that normally makes macrocysts germinate, andorganism. They have also been called slime molds, but
this term has fallen into disrepute for two reasons. First, it would be fascinating to find what they were.
My few disagreements with this book are mostly per-it’s ambiguous and misleading. The “true” slime molds,
such as Physarum, are totally different in biology and sonal preferences for inclusion. I would have loved to
see much more detail about other Dictyostelium andbehavior, forming large, pulsating syncytia with many
thousands of nuclei rather than the tissue-like multicellu- Polysphondylium species (perhaps photographs of
complete fruiting bodies? Polysphondylium are visuallylar stages of Dictyostelium. Neither Dictyostelium nor
Physarum is a mold, or particularly closely related to stunning). Differences between these closely related
species are sure pointers to interesting biology. I wouldother fungi. Furthermore, calling Dictyostelium’s glyco-
protein matrix “slime” is about as informative (and de- have preferred a more detailed treatment of chemotaxis
to folate and other substances, to counteract the popu-meaning) as calling a computer a square gray box. Sec-
ond, funding agencies tend to squirm away from funding lar, model-organism-centered view that cAMP is the
only chemoattractant that matters. I might even haveresearch into slime, however relevant it may be to human
health, wealth, or well being. combined these by showing the extraordinary sorting
out of Polysphondylium and D. discoideum from a ho-Kessin’s book begins with a brief introduction to the
history of Dictyostelium research, in particular the gor- mogenous lawn to separate fruiting bodies, driven by
chemotaxis toward independent attractants. A worsegeous old data of Raper and Bonner. I would have loved
this section to be far longer, but then I’m a known obses- problem, inevitable with any book in these days of rapid
advances, is that patches are already out of date. Thesive. A reasonably detailed description of social amoeba
evolution and ecology follows, followed by a succinct chapter on the genome nods vigorously toward the rapid
change emerging from the genome project, but else-description of the properties of the genome. This chap-
ter should be essential background reading for anyone where the section on the actin cytoskeleton already
looks a little creaky. Most importantly, Kessin bemoansconsidering a project on Dictyostelium molecular biol-
ogy—DNA may be just DNA, but Dictyostelium’s is ec- the lack of rescue by complementation, but it has al-
ready been achieved (Robinson and Spudich, J. Cellcentric in its AT richness, among several other features,
and Kessin could save many an unwary graduate stu- Biol. 150, 823–838, 2000).
These are gentle disagreements with a broadly excel-dent from time-consuming traps.
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lent work. Everyone with anything to do with Dictyoste- Wackett and Hershberger have summarized over 90
functional groups in organic molecules, ranging fromlium should read this. Scientists who are wondering
simple alcohols to tricycloaliphatic rings. Microbes arewhether or not to dip their toes will get a better idea of
known to have strategies for dealing with 58 of these.whether social amoebas are the answer to their experi-
The fact that the remaining functional groups, not yetmental needs. Recent converts will get a better feel for
documented to be attacked by microorganisms, arewhy their research subject behaves the way it does,
found in natural products and do not appear to accumu-and old lags will remember experiments they planned,
late in the environment suggests that microbes haveforgot, and ought to do right now. Finally, for anyone who
strategies for dealing with these functional groups asthought of Dictyostelium as a model system growing as
well.a homogenous brown suspension in flasks in the lab,
This process of microorganisms attacking organicthis book introduces the whole organism—closer to real-
compounds and converting them to other forms is theity, and more interesting to boot.
primary focus of Biocatalysis and Biodegradation. Bio-
degradation and biocatalysis are just two of a host ofRobert H. Insall
terms that microbiologists use to describe the microbialSchool of Biosciences
metabolism of organic compounds. Biodegradation isBirmingham University
commonly used in reference to microbial consumptionEdgbaston, Birmingham B15 2TT
of environmental contaminants, such as petroleum orUnited Kingdom
pesticides, or wastes, such as sewage or industrial efflu-
ents. The term biocatalysis is more generally applied to
microbial reactions that convert one organic compoundBreaking up Isn’t Hard to Do
to another that is of commercial value, such as ethanol,
solvents, or drugs. Thus, the same enzymes involved in
biodegradation can be employed in biocatalysis; whichBiocatalysis and Biodegradation
term is used just depends upon the process of interest.By Lawrence P. Wackett and C. Douglas Hershberger
In other fields of investigation, these same microbialWashington, DC: ASM Press (2001). 250 pp. $79.95
reactions have different terms such as decomposition,
remineralization, bioremediation, and biotransformation.
As Wackett and Hershberger point out in a very nice“We live in the Age of Bacteria (as it was in the beginning,
chapter on the history of investigation into biodegrada-is now and ever shall be, until the world ends)”
tion and biocatalysis, man has been aware of some of—Stephen Jay Gould, Nature, 1993
these processes, like food spoilage and the production
Microbes rule the Earth. The sheer number of prokary- of ethanol, for some time. The scientific study of such
otes, estimated at 5  1030, dwarfs that of other organ- transformations dates back to Pasteur’s research on
isms, and although microbes are small, they are active. spoilage during wine production. However, biodegrada-
The metabolism of microbes has a much greater impact tion really took off as a discipline with the increasing
on the global cycling of elements than the activity of recognition of the problems associated with introducing
any other organisms. Microbes are found wherever there industrial chemicals into the environment in the 1960s.
are larger, multicellular organisms, living in the soil, wa- Biodegradation research over the last four decades
ter, and air, as well as within the guts of most eukaryotes has produced some happy results. Just as microorgan-
themselves. Furthermore, microbes can be found in a isms evolved the capacity to extract energy from organic
variety of environments, such as hydrothermal fluids compounds on early Earth, microorganisms adapt to
and the vast subsurface below land and the sea bottom, attack new synthetic organic compounds as they are
which are too harsh or inaccessible for multicellular or- introduced into the environment. A recent example is
ganisms. the degradation of the gasoline oxygenate, methyl-tert-
In fact, microbes were the only living organisms for butyl ether (MTBE). It was initially thought that the ether
much of Earth’s history. It is likely that microbes first linkage in MTBE would be resistant to microbial attack,
emerged by taking advantage of chemical disequilibria especially under the anoxic conditions typically found
on early Earth, carrying out reactions, such as the oxida- in petroleum-contaminated subsurface environments.
tion of hydrogen coupled to the reduction of ferric iron, This, coupled with the widespread appearance of MTBE
that can yield large amounts of energy, but do not readily in groundwaters, suggested that MTBE might persist
take place at temperatures below 150 C in the absence in the environment. However, it is now clear that both
of a catalyst. From these simple beginnings, microbes aerobic and anaerobic microorganisms can degrade
developed the ability to catalyze increasingly complex, MTBE and evidence for natural and artificially stimulated
energy-yielding reactions in order to recover the energy microbial degradation of MTBE in contaminated envi-
sequestered in a diverse array of organic molecules. As ronments is becoming available.
life forms became more complex and organisms evolved Biodegradation research has produced a wealth of
new organic functional groups, microbes also devel- information on the susceptibility of various organic com-
oped strategies for enzymatically attacking these com- pounds to microbial attack and the metabolic pathways
pounds and extracting useful energy. In most instances, involved. Wackett and Hersberger do a wonderful job
microbes completely oxidize the organic compounds of synthesizing the vast amount of data into organizing
to carbon dioxide with the concurrent reduction of an principles for understanding and, in some instances,
electron acceptor such as oxygen, sulfate, nitrate, or predicting pathways for biodegradation. They describe
MetaMaps, which organize the biodegradation of or-ferric iron.
